Deoxyfluorination of alcohols was carried out using N,N-diethyl-α,α-difluoro-(m-methylbenzyl)amine (DFMBA). Primary alcohols were effectively converted to fluorides under microwave irradiation or conventional heating. Deoxyfluorination of an anomeric hydroxy group in sugars by DFMBA proceeded at below room temperature and glycosyl fluorides could be obtained in good yields. The deoxyfluorination reaction chemoselectively proceeded and various protecting groups on the sugar can survive under the reaction conditions. 3 25 °C 12 98 °C 67 MW 88 React. temp. Yield of 3a (%) b a) The reaction was carried out using 1.2 eqiv. of 1 to 2a. b) Isolated yield based on 2a. c) GC yield. Yield of 4a (%) c 76 7 98 °C 86 trace trace React. Time
Introduction
Deoxyfluorination reaction of alcohols is useful for the synthesis of organo fluorine compounds, and diethylaminosulfur trifluoride (DAST) has been the most frequently used. 1 Recently, α-fluoroamines, such as 2,2-difluoro-1,3-dimethylimidazolidine (DFI), 2 have been reevaluated as thermally stable deoxyfluorination reagents. N,N-Dimethyl-α,α-difluorobenzylamine was also used for the deoxyfluorination reaction of simple alcohols. 3 However, due to the mild reactivity of the reagent, relatively high reaction temperature was required to convert butanol to butyl fluoride.
In order to apply the reagent for the deoxyfluorination of more complex alcohols, higher reaction temperature would be required and its thermal stability was problematic. 4 Quite recently, a similar fluoroamine, N,N-diethyl-α,α-difluoro(m-methylbenzyl)amine (DFMBA, 1), was reported to have high thermal stability (ARC 180 °C) 6 and we successfully used DFMBA for the deoxyfluorination reaction of sugars. 7 We wish to report here details of the deoxyfluorination reaction of various alcohols using DFMBA. DFMBA is a colorless liquid and can be conveniently prepared from the corresponding amide in two steps through a chloroiminium salt. 6 It slowly reacted with 1-dodecanol (2a) at room temperature to give 1-dodecyl fluoride (3a) in 12% yield after 17 h and most of 2a remained as an ester (4a) (Eq 1). Under reflux in heptane, the fluorination reaction was completed in 1 h to give 3a in good yield. Recently, microwave irradiation is reported to be effective to complete the thermal reaction in short time, and we applied the microwave irradiation to the reaction. 8 The reaction was carried out using a modified household microwave oven. In an acetonitrile or without a solvent, the reaction mixture was refluxed vigorously under the irradiation of microwave and the reaction was completed in 10 min to give 3a in good yields. However, a dark tarry material was also formed. Both DFMBA and acetonitrile can absorb microwave energy very well and the reaction mixture could reach a high temperature. As it is difficult to control the reaction temperature in the household oven, we used a hydrocarbon solvent which does not absorb microwave energy well. 8 Though the reaction mixture was refluxed vigorously even in heptane under microwave irradiation, the formation of the tarry material was not observed and 3a was obtained in good yield in 10 min (Table 1) . The deoxyfluorination reaction of various alcohols was carried out using 1 as shown in a) If otherwise not mentioned, the reaction was carried out using 1.2 eqiv. of 1 to 2. b) Islated yield based on 2 used. c) 1.5 eqiv. of 1 to 2 was used. d) Olefinic byproducts were also formed (8%). e) Olefinic by-products were also formed (20%). f) Olefinic by-products were also formed (40%). The proposed reaction mechanism is as follows. The alcohol 2 reacts with DFMBA 1
Solvent
to give an adduct. This step is fast even at room temperature and hydrolysis at this stage gives ester 4. A fluoride attacks the alkyl group of the alcohol to give alkyl fluoride 3 and an amide. This step is slow, and heating or the microwave irradiation is required to complete the reaction (Scheme 1). (7) was obtained instead of the desired 5-deoxy-5-fluoro derivative (6b). 10 In the reaction of 5b with 1 under the microwave irradiation, the desired 6b could be obtained in 51% yield but 7 was also formed in 20 % yield. Under the microwave irradiation conditions, it was difficult to control the reaction temperature and selectivity, and we examined the reaction under conventional thermal heating conditions. The fluorination reaction was slow under the thermal conditions, and 6a was obtained only in 28 % yield at 98 °C in 3 h. Moreover, migration of the methoxy group also took place under the thermal conditions. In order to accelerate the fluorination at the 5-position of 5b, we added spray dry KF as a fluoride source and used a polar solvent, dioxane, to dissolve the KF. By carrying out the reaction at 100 °C for 16 h, migration of the methoxy group could be prevented and 6b could be selectively obtained in 67% yield (Eq. 2). Similarly, an α-isomer (6c) could be stereospecifically obtained in 63% yield from an α-ribofuranose derivative (5c) ( Table 3 ). Under the same conditions, 
Deoxyfluorination of sugars using DFMBA
1,2,3,4-tetra-O-acetyl-α-D-glucopyranose (5d) could be converted to 1,2,3,4-tetra-O-acetyl-6-deoxy-6-fluoro-α-D-glucopyranose (6d) in 68 % yield. The conversion of 1,2;3,4-di-O-isopropylidene-α-D-galactopyranose (5a)
3. Glycosyl fluorides synthesis using DFMBA
Glycosyl fluorides have been used as a key compound for polysaccharides synthesis and many reagents have been developed for their synthesis from the corresponding sugars. 12 8
The hydroxy group of the sugars at the 1-position is highly reactive and even HF can be used for the conversion of the sugars to glucosyl fluorides. 13 However, some protecting groups of sugars are sensitive to acidic reagents, and mild reagents for the synthesis of glycosyl fluorides have been desired. Various sugars having protecting groups such as acetonide (8a, d, e), benzyl ether (8b), acetate (8c) and, silyl ether (8d) reacted with 1 at below room temperature quickly without affecting the protecting groups to give the corresponding glycosyl fluorides in good yields as shown in Table 4 .
Moreover, the hydroxy groups at other than the 1-position were not converted to the fluoride by 1 at below room temperature, and, therefore, the glycosyl fluoride synthesis can be carried out without protection of the hydroxy groups. For instance, 
Experimental

1. General
The IR spectra were recorded using a JASCO FT/IR-410. The 1 H NMR (400MHz), 19 F NMR (376MHz), and 13 C NMR (100 MHz) spectra were recorded in CDCl 3 on a JEOL JNM-A400II FT NMR and the chemical shift, , are referred to TMS ( 1 H, 13 C) and CFCl 3 ( 19 F), respectively. The EI-low and high-resolution mass spectra were measured on a JEOL JMS-700TZ, JMS-FABmate or JMS-HX110. A commercially available GoldStar microwave oven (500W, MW-JIK96H5) was modified to accept a port for connecting a reactor to a reflux condenser located outside the oven. 15 A hole of 10 mm diameter was drilled in the oven top and an 80 mm length of Teflon™ PFA tube was snugly fitted into the hole. A reflux condenser located outside was connected to the port tightly and another side of the port in the oven was used to connect to a reactor which is a Teflon™ PFA tube with a diameter of 10 mm and a length of 80 mm sealed at one end. DFMBA 1 was obtained from Mitubishi Gas Chemical Company
Inc. and used without further purification. Though handling 1 with glassware is possible, it is recommended to use equipment made of Teflon™. As 1 is slightly moisture-sensitive, it should be handled as quickly as possible in air and kept in a Teflon™ bottle with a tight screw cap. Alcohols 2d, 2e were prepared from 1,2-dodecene oxide by the reaction with Et 3 N-3HF. 16 Sugar derivatives 5a, 5d, 8a
were purchased from Sigma-Aldrich Co. and 8b, 8f were obtained from Junsei Chemical Co. Ltd. Other derivatives 5b, 17 5c, 17 5e, 18 8c, 19 8d, 20 8e 21 were prepared from the corresponding sugars or nucleocide according to the literature. The spray dry KF was obtained from Morita Chemical Industries Co. Ltd. and dried before use under the condition of 100 °C / 0.01 mHg for 1 h. 1-fluorododecane (3a) . 22 Into a reactor consisting of a Teflon™ PFA tube with a diameter of 10 mm sealed at one end, were introduced heptane (1 ml), 
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Preparation of
2-Fluorododecane (3f)
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